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FOREWORD 

This volume has been prepared for the Functional Integration Section, 
Systems Integration and Operations Branch, Vehicle Systems Division, Propul- 
sion and Vehicle Engineering Laboratory, by Engineering Communications Depart- 
ment, Chrysler Corporation Space Division, under contract number NAS8-4016. 

The following series, of which this volume is a part, functionally de- 
scribes the mechanical and electromechanical systems of Saturn I SA-7 space 
vehicle and Launch Complex 37: 

Volume I. 
Volume 11. 
Volume 111. 
Volume IV. 
Volume V. 
Volume VI. 
Volume VII. 
Volume VIII. 
Volume IX. 
Volume X. 
Volume XI. 

RP-1 Fuel System 
LOX System 
LH2 System 
Nitrogen and Helium Storage Facility 
Pneumatic Distribution System 
Environment a 1 Cont ro 1 S y s t em 
Launch Pad Accessories 
H-1 Engine and Hydraulic System 
RLlOA-3 Engine and Hydraulic System 
Separation and Flight Termination Systems 
Supplement: Legend and Composite Schematic 

Each volume contains mechanical schematics and a list of applicable finding 
numbers. 

Volume IV describes those components that are active during launch opera- 
tions: it specifically excludes maintenance and checkout procedures. It is 
intended f o r  use by NASA and prime contractor management and administrative 
personnel. Only information available by December 5, 1963, has been included. 
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The n i t rogen  and helium s torage  f a c i l i t y  i s  t h e  source of a l l  gaseous 
n i t r o g e n  and gaseous helium used throughout t h e  launch complex and ve- 
h i c l e  systems. 
c o n t r o l  d i s t r i b u t o r  and t h e  LOX, RP-1, and LH2 c o n t r o l  panels  by means of fou r  
LN2 conver t e r  and vapor i ze r  u n i t s ,  a gaseous n i t r o g e n  (GN2) p u r i f i c a t i o n  sys -  
t e m ,  and a GN2 s to rage  f a c i l i t y .  
t h e  environmental  c o n t r o l  system through two LN2 vapor i ze r s .  A helium supply 
t ra i ler  supp l i e s  gaseous helium t o  t h e  pneumatic c o n t r o l  d i s t r i b u t o r  through 

A l i q u i d  n i t rogen  (LN2) s to rage  tank  supp l i e s  t h e  pneumatic 

The same LN2 s t o r a g e  tank supp l i e s  GN2 t o  

t h r e e  helium compressors, a helium p u r i f i c a t i o n  system, and a helium s t o r a g e  
f a c i l i t y .  The b a s i c  flow i s  shown on f i g u r e  1. Gr-4 r9 4% 

1. NITROGEN STORAGE FACILITY 

The major opera t ions  assoc ia ted  w i t h  t h e  n i t r o g e n  s to rage  f a c i l i t y  are 
LN2 s to rage  tank  annular  space p re s su r i za t ion ,  LN2 s to rage  tank  f i1 , l ing  opera- 
t i o n ,  LN2 s to rage  tank  p res su r i za t ion ,  GN2 t r a n s f e r  t o  t h e  environmental con- 
t r o l  system, LN2 conver te r  and vapor izer  opera t ion ,  h igh  pressure  gas s to rage  
b a t t e r y  opera t ion ,  and'GN2 t r a n s f e r  t o  t h e  pneumatic c o n t r o l  d i s t r i b u t o r  and 
LOX, RP-1, and LH2 c o n t r o l  panels.  

GN2 p res su re  r egu la t ion  i s  b a s i c a l l y  provided by two pneumatic r e g u l a t o r s .  
A manually ad jus t ed  back pressure r e g u l a t o r ,  l oca t ed  on a l i n e  connecting t h e  
p u r i f i c a t i o n  u n i t  and t h e  GN2 s torage  f a c i l i t y ,  begins  t o  open when back p res -  
s u r e  from t h e  p u r i f i c a t i o n  u n i t  reaches 3500 ps ig ;  i t  becomes f u l l y  open when 
downstream pressure  t o  t h e  GN2 s to rage  f a c i l i t y  equals  t h e  3500-psig back p r e s -  
s u r e .  Line pressure  then bui lds  up t o  a nominal ope ra t ing  pressure  of 6000 
p s i g .  Another manually ad jus ted  p res su re  r e g u l a t o r  reduces d ischarge  p res su re  
(6000 p s i g )  from t h e  GN2 s torage  f a c i l i t y  t o  t h e  LOX, RP-1, and LH2 pneumatic 
c o n t r o l  panels  t o  3500 p s i g .  

A ma jo r i ty  of t h e  ind iv idua l  components and subsystems are adequately 
desc r ibed  by t h e  GN2 system schematics, i n  t h e  l i s t  of f ind ing  numbers, and 
i n  t h e  n i t rogen  s to rage  f a c i l i t y  opera t ions  s e c t i o n - - a l l  included i n  t h i s  
document. The fol lowing desc r ip t ion  p e r t a i n s  t o  only t h e  more complex com- 
ponents  o r  subsystems. 

1.1. LN2 Storage Tank Annular Space P res su r i za t ion  ( f i g u r e  2)  

Proper environment f o r  LN2 s to rage  i s  maintained by a GN2 p r e s s u r i z a t i o n  
system, which p r e s s u r i z e s  the per l i te  in su la t ed  annular  space between t h e  
i n n e r  and ou te r  spheres  of t h e  LN2 s to rage  tank. 

Shut-Off Valves A1173-1 and A1173-2 permit GN2 a t  2200 p s i g  t o  flow 
from GN2 Storage Tanks A 1 1 7 4 - 1  and A1174-2, p a s t  Pressure  Monitor Gage 
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'I 
A1171 and Manual Vent Valve A1215, t o  Pressure  Regulator  A1423 t h a t  reduces 
t h e  p re s su re  t o  50 ps ig .  The GN2 flows t o  Pressure  Regulator A1170, which 
f u r t h e r  reduces the  pressure  t o  1.5 ps ig ,  p a s t  Pressure  Monitor Gage A1169, 
through Check Valve A1168, p a s t  Manual Vent Valve A1167, and through Manual 
Shut-Off Valve A1166 i n t o  t h e  annular  space of t h e  LN2 s to rage  tank where 
t h e  GN2 is  monitored by Pressure Gage A1156. Rel ie f  Valve A1151 and Burs t  
Disc A1152 p ro tec t  the  annular  space a g a i n s t  ove rp res su r i za t ion .  

1 . 2 .  LN2 Storage Tank F i l l i n g  Operation ( f i g u r e  2 )  

LN2 flows (or i s  pumped) from t h r e e  supply t r a i l e r s  through Coupling- 
Halves A1197-1, A1197-2, and A1197-3; p a s t  Manual Drain Valves A1196-1, 
A1196-2, and A1196-3; through F i l l  Valves A1195-1, A1195-2, and A1195-3; p a s t  
Rel ie f  Valve A1194; and through S t r a i n e r  A1193 and F i l l  and Drain Valve A1162. 
Maximum f i l l  r a t e  i s  700 gpm from each t r a i l e r  i n  opera t ion .  
f i l l e d ,  increas ing  pressure  i n  t h e  u l l age  area i s  r e l i eved  t o  atmosphere by 
Manual Vent Valve A1187, Manual Bypass Valve A1186, and Check Valve A1184.  
Overpressure p ro tec t ion  f o r  t he  s to rage  tank  i s  provided by 105-psig Rel ie f  
Valve A1154 and 125-psig Burst  Disc A1153. 

A s  t h e  tank  i s  

When t h e  required l e v e l  w i t h i n  t h e  s to rage  tank  has  been reached, LN2 
d ischarges  from F u l l  Trycock Valve A1155 and t h e  pumping ope ra t ion  ceases .  
LN2 dra ined  from t h e  tank f i l l  l i n e  passes  through Check Valve A1198 before  
exhaust ing t o  the  d i s p o s a l  area. 

Liquid Level Gage A1159 monitors t h e  s to rage  tank  l e v e l  and Pressure  Gage 
A1158 monitors the tank u l l a g e  pressure .  

1.3. LN2 Storage Tank P res su r i za t ion  ( f i g u r e  2 )  

LN2 Storage Tank A1150 i s  pressur ized  by drawing of f  and vapor iz ing  p a r t  
of i t s  l i q u i d  and r e tu rn ing  t h e  gas  t o  t h e  u l l a g e  p o r t i o n  of t h e  tank. Pneu- 
mat ic  Flow Control Regulators  A1185 and A1190, Pneumatic Pressure  Con t ro l l e r  
A1188, and Vaporizer A1189 are primary i t e m s  a s soc ia t ed  w i t h  tank p res su r i za -  
t i o n .  Functioning in te rdependent ly ,  t hese  i t e m s  c o n t r o l  u l l a g e  pressure  be- 
tween 63 and 66 psig,  vent  excess  GN2 when tank  p res su re  exceeds 66 ps ig ,  and 
provide add i t iona l  p r e s s u r i z a t i o n  when tank p res su re  i s  less than  63 ps ig .  

The pressurized u l l a g e  area of t h e  LN2 t ank  provides  t h e  necessary head 
p res su re  t o  e f f e c t  LN2 t r a n s f e r  t o  the  environmental  c o n t r o l  system vapor i ze r  
u n i t  and t o  t h e  four conver te r  and vapor i ze r  u n i t s .  

Manual Supply Valve A1161 p e r m i t s  LN2 flow from Storage Tank A1150 t o  
t h e  p re s su r i za t ion  system. LN2 flows pas t  150-psig Re l i e f  Valve A1192, 
through the  normally open Pneumatic Tank Pressure  Regulator  A1190 i n t o  Vapor- 
i z e r  A1189 where the LN2 i s  converted t o  GN2. 
u l l a g e  space of Storage Tank A1150. 

The GN2 then  flows i n t o  t h e  

A s  u l l age  pressure increases  t o  approximately 25 ps ig ,  Pneumatic Control-  
l e r  A1188 output  pressure begins  t o  c l o s e  Tank Pressure  Regulator A11.90 t o  
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I -  
reduce t h e  ra te  of tank p res su r i za t ion .  When u l l a g e  p res su re  reaches 63 p s i g ,  
c o n t r o l l e r  output  completely c loses  t h e  r e g u l a t o r  and f u r t h e r  tank p res su r i za -  
t i o n  s tops .  
p r e s s u r i z i n g  gas  causes  f u r t h e r  bo i l -o f f  from t h e  LN2, and u l l a g e  p re s su re  
inc reases  above 63 ps ig .  
t o  open t h e  normally c losed  pneumatic Tank Vent Valve A1185; and excess GN2 
flows out  of t h e  s to rage  tank through t h e  p r e s s u r i z a t i o n  l i n e ,  Shut-Off Valve 
A1187, pneumatic Tank Vent Valve A1185, and Check Valve A1184 t o  t h e  atmos- 
phere.  
from t h e  tank,  i n i t i a t e s  r ep res su r i za t ion .  

Heat t r a n s f e r  from the  previous ly  w a r m  tank w a l l s  and from t h e  

A t  66 ps ig ,  Pneumatic Con t ro l l e r  A 1 1 8 8  output  begins 

Reduction i n  u l l a g e  pressure  t o  63 p s i g  by vent ing,  o r  by LN2 t r a n s f e r  

1.4. GN2 Transfer  t o  Environmental Control  System ( f i g u r e  2 )  

Of t h e  two i d e n t i c a l  Vaporizers A1229-1 and A1229-2, A1229-1 i s  t h e  main 
ope ra t ing  u n i t  whi le  A1229-2 i s  maintained on standby and operated only when 
it becomes necessary  t o  d e f r o s t  Vaparizer  A1229-1. 

Manual Supply Valve A1165 p e r m i t s  LN2 flow from Storage Tank A1150, 
th rough-  S t r a i n e r  A1175, pas t  150-psig Re l i e f  Valve A1177 t o  Manual T h r o t t l i n g  
Valve A1179. 
Re l i e f  Valve A 1 1 8 1 ,  Manual Drain Valve A1182, t o  t h e  vapor i ze r  supply header,  
through Manual Shut-Off Valve A1221-1, and p a s t  Pressure  Monitor Gage A1180 
t o  Vaporizer A1229-1. 
t h e  GN2 a t  50 p s i g  t o  t h e  environmental c o n t r o l  system. The vapor i ze r  u n i t  
v e n t s  through Rel ie f  Valve A1231, Vent Valve A1232, and Check Valve A1389. 
Flowmeter A1235, i n  conjunct ion w i t h  Temperature Transducer A1234 and Pressure  
Transducer A1233, i n d i c a t e s  t h e  rate (scfm) of GN2 flow from e i t h e r  vapor i ze r .  
Based on t h i s  i nd ica t ion ,  appropr ia te  adjustment of Manual T h r o t t l i n g  Valve 
A1179 ensures  LN2 input  commensurate w i t h  t h e  requi red  GN2 output .  
through Valve A8520 t o  t h e  environmental c o n t r o l  system (Volume VI). 

Manual T h r o t t l i n g  Valve A1179 permits  LN2 flow p a s t  150-psig 

The vapor izer  conver t s  LN2 supply t o  GN2 and d ischarges  

GN2 flows 

1.5. LN2 Converter and Vaporizer Operation ( f igures  2 and 4 )  

Under normal opera t ions ,  t h ree  i d e n t i c a l  conver te r  and vapor i za t ion  u n i t s  
are s imultaneously involved i n  t h e  conversion of LN2 t o  GN2. 

A f o u r t h  conver te r  and vapor i za t ion  u n i t ,  i d e n t i c a l  t o  t h e  o the r  t h r e e ,  
remains on standby. For t h e  sake of b r e v i t y  and t o  avoid confusion,  t h e  
o p e r a t i o n a l  sequence of only one conve r t e r  and vapor i za t ion  u n i t  w i l l  be  de- 
s c r ibed .  It should be remembered t h a t  each i t e m  r e f e r r e d  t o  i n  t h e  descr ibed  
u n i t  has a coun te rpa r t  t h a t  func t ions  concurren t ly  i n  t h e  o t h e r  t h r e e  u n i t s .  
The h igh  p res su re  gas s to rage  b a t t e r y ,  through which GN2 f lows t o  t h e  Pneu- 
m a t i c  Control  D i s t r i b u t o r ,  conta ins  s i x  i d e n t i c a l  GN2 s to rage  banks. Again, 
t o  avoid confusion,  the funct ions of on ly  one s to rage  bank w i l l  be  explained 
i n  t h e  func t iona l  desc r ip t ion .  

Supply Shut-Off Valve A1164 releases LN2 a t  65 ps ig ,  through S t r a i n e r  
A1176, p a s t  150-psig Rel ie f  Valve A1178, Drain Valve A1183, through Manual 
Shut-Off Valves A1218-1  and A1218-2, and i n t o  t h e  LN2 conver t e r  supply header ,  

3 



LN2 flows from the supply header,  through Manual Supply Valves A1219-1, 
A1219-2, A1219-3, and A1219-4 i n t o  Converter A1142. Re l i e f  Valves A1217-1 
and A1217-2 provide overpressure p r o t e c t i o n  f o r  t he  supply header.  

LN2 ( a t  -320'F) vapor izes  upon e n t e r i n g  t h e  r e l a t i v e l y  w a r m  conve r t e r  
and ven t s  t o  t h e  atmosphere through Manual Vent Valve A1201-1 and Check 
Valve A1198. Venting cont inues  u n t i l  t h e  conver te r  coo l s  t o  LN2 temperature .  

Pump discharge Manual Vent Valve A1212 and LN2 pump Blow-By T h r o t t l i n g  
Valve A1206 are opened and Vaporizer A1132  i s  s t a r t e d .  Af t e r  conve r t e r  cool -  
down, Pump Motor A 1 1 3 7  i s  ac tua ted  t o  opera te  LN2 Pump A1208. When LN2 flows 
from Manual Vent Valve A 1 2 1 2 ,  bo th  Manual Vent Valves A1201-1 and A1212 are 
slowly c losed .  Should the  r e s u l t s  of pump c a v i t a t i o n  be observed, Manual 
Purge Valve A1202 would be opened t o  vent  t h e  gas .  

LN2 pump blow-by pressure  i s  maintained approximately equal  t o  t h e  pump 
i n l e t  p re s su re ,  by slowly c l o s i n g  Pump Blow-By T h r o t t l i n g  Valve A1206 u n t i l  
Pressure  Gages A 1 2 0 4  (blow-by) and A1203 ( i n l e t )  read t h e  same. Rel ie f  Valve 
A1205 and Burst  Disc A1415 provide overpressure p r o t e c t i o n  f o r  t h e  conve r t e r  
sump. Burst  Discs A1210-1 and A1210-2 provide l i k e  p r o t e c t i o n  f o r  t h e  vacuum 
jacke t  on t h e  LN2 conver te r .  

LN2 a t  6000 ps ig  t r a n s f e r s  from Pump A1208 p a s t  Surge Suppressor A1211, 
which main ta ins  an even flow of LN2, and Vent Valve A1212 t o  Vaporizer A1132. 
GN2 a t  6000 p s i g  d ischarges  from t h e  vapor i ze r  a t  ambient temperature +30"F 
through Manual Shut-Off Valve A1225 and Check Valve A1226 t o  t h e  GN2 p u r i f i c a -  
t i o n  u n i t .  

Gage A1214 and Pressure  Switch A1213 monitor vapor i ze r  d i scharge  p res su re  
and shut  down LN2 Pump A1208 i f  p ressure  exceeds 6700 ps ig .  Rel ie f  Valve A1224 
prevents  overpressure i n  t h e  d ischarge  area by vent ing  excess  GN2 a t  6800 ps ig .  
( I f  t h e  GN2 temperature downstream from t h e  vapor i ze r  decreases  t o  O°F o r  be- 
low, Temperature Switch A1227 w i l l  s t o p  LN2 Pump A1208.) GN2 flows p a s t  Vent 
Valve A1237, Check Valve A1386, and r e p l e n i s h  l i n e  Pressure  Gage A1239. P r e s -  
su re  i n  excess  of 6400 ps ig  ven t s  through Re l i e f  Valve A1236. 

Af t e r  passing through Check Valve A1250, GN2 can  be a l t e r n a t e l y  routed 
i n t o  t h e  hydrocarbon removal u n i t ,  through Shut-Off Valves A928-1 and A928-2 
and r e l a t e d  Desiccant Holders A934-1 and A934-2. 
i t a t e s  t h e  per iodic  replacement of des i ccan t  c a r t r i d g e s  and t h e  d ra in ing  of 
c o l l e c t e d  hydrocarbons through Drain Valves A933-1 and A933-2. 

This  d u a l  c a p a b i l i t y  f a c i l -  

GN2 from t h e  hydrocarbon removal u n i t  flows through Check Valve A937-1 
o r  A937-2 and e n t e r s  t h e  water vapor removal u n i t .  
b i l i t y  f o r  maintenance purposes. 
Valves A938-1 and A938-2, Desiccant Holders A942-1 and A942-2, and r e l a t e d  
Check Valves A944-1 and A944-2. 

This  u n i t  has dua l  capa- 
GN2 i s  a l t e r n a t e l y  routed through Solenoid 

Gages A935-1, A935-2, A943-1, and A943-2 monitor t h e  p re s su re  i n  t h e  
hydrocarbon and water vapor removal des i ccan t  ho lders .  
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From t h e  w a t e r  vapor removal u n i t ,  GN2 flows p a s t  Pressure Gage A1251, 
through 20-micron F i l t e r  A1252, which is  shunted by 50-psig D i f f e r e n t i a l  
Pressure  Switch A1243, t o  GN2 rep len ish  l i n e  Back Pressure  Regulator A1253. 
To o b t a i n  maximum f i l t e r i n g  e f f i c i ency  from t h e  p u r i f i c a t i o n  u n i t ,  Pressure  
Regulator  A1253 remains c losed  u n t i l  back p res su re  rises t o  3500 ps ig .  
back p res su re  a t  3500 p s i g ,  Pressure Regulator  A1253 begins  t o  open and GN2 
flows through Replenish Line Shut-Off Valve A1246. 
opens f u l l y  when l i n e  p re s su re  increases  t o  6000 ps ig  (normal opera t ing  p res -  
su re ) .  

With 

The pressure  r e g u l a t o r  

GN2 a t  6000 ps ig  flows pas t  Pressure  Monitor Gage A1254, 6400-psig Re l i e f  
Valve A1247, and through Flowmeter A1249. The flowmeter i n  conjunct ion  w i t h  
Pressure  Transducer A1248 and Temperature Transducer A1255 convert  t h e  flow- 
rate t o  1000-scfm readings.  From F i l t e r  A1252 t o  Manual Drain Valve A927, t h e  
GN r e p l e n i s h  l i n e  ven t s  through Manual Vent Valves A1245-1, A1245-2, and 
A1??56. 

The GN2 flows p a s t  rep len ish  l i n e  Manual Drain Valve A927, through c r o s s -  
country Manual Supply Valve A8521 and i n t o  a 2-1/2 i n .  l i n e  t h a t  r o u t e s  t h e  
6000-psig GN2 t o  t h e  h igh  p r e s s u r e  gas  s to rage  b a t t e r y .  

1.6. High Pressure  Gas Storage B a t t e r y  Operation ( f i g u r e  4) 

The s t o r a g e  b a t t e r y  cons i s t s  of twelve 200-cu-ft s to rage  v e s s e l s  and 
va r ious  components f o r  c o n t r o l  purposes. 
s u p p l i e s  it as necessary  t o  the  launch complex pneumatic systems. 

The b a t t e r y  s t o r e s  t h e  GN2 and 

Upon e n t e r i n g  t h e  s t o r a g e  b a t t e r y ,  t h e  GN2 flows p a s t  Vent Valve A1305 
and Pressure  Monitor Gage A1297, p a s t  6400-psig Re l i e f  Valve A 1 3 0 4 ,  through 
Manual Shut-Off Valve A1298, and through 20-micron F i l t e r  A1303, which i s  
shunted by 50-psig D i f f e r e n t i a l  Pressure  Switch A1299. 

GN2 f low cont inues  through Check Valve A1300 and p a s t  Pressure  Monitor 
Gage A1302 i n t o  a manifold t h a t  s e rves  as a common duct  f o r  f i l l i n g  o r  rep len-  
i sh ing  t h e  s t o r a g e  banks and as a d i r e c t  supply f o r  t h e  pneumatic c o n t r o l  
d i s t r i b u t o r  and c o n t r o l  panels .  
A1280 monitor t h e  manifold pressure.  Temperature Transducer A1273 monitors 
the manifold temperature.  Rel ief  Valves A1277-1, A1277-2, and A1277-3 provide 
overpressure  p r o t e c t i o n  f o r  the manifold.  The manifold vent’s through Manual 
Vent Valves A1275-1, A1275-2, A1275-3 and Check Valves A1276-1, A1276-2, and 

Pressure  Transducer A1274 and Pressure  Gage 

A1276-3. 

GN2 flows from t h e  manifold, pas t  Vent Valves A1275-2 and A1275-3 and 
through Manual F i l l  Valve A1272-1 i n t o  Storage Vessels A1260-1 and A1260-2. 
Gages A1259 and A1269 monitor pressure  i n  t h e  s t o r a g e  v e s s e l s .  Overpressure 
p r o t e c t i o n  f o r  each s t o r a g e  bank i s  provided by Re l i e f  Valve A1270 and by 
Burst  Disc A1271, which ruptures  a t  16000 k1000 ps ig .  
A1258 ven t s  p re s su re  t o  atmosphere from t h e  s to rage  bank through Check Valve 
A1257 and t h e  ven t  l i n e .  

Manual Vent Valve 
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1.7.  
Control  Panels 

GN2 Transfer  t o  Pneumatic Control  D i s t r i b u t o r  and LOX, RP-1, and LH2 

The s to rage  b a t t e r y  supp l i e s  6000-psig GN2 t o  t h e  pneumatic c o n t r o l  d i s -  
t r i b u t o r  f o r  d i s t r i b u t i o n  t o  va r ious  va lve  pane ls  (descr ibed i n  Volume V ) ,  
and 3500-psig GN2 t o  t h e  LOX, RP-1, and LH2 s to rage  f a c i l i t y  c o n t r o l  panels  
f o r  component con t ro l .  

GN2 flows from t h e  manifold,  through Manual Shut-Off Valves A1278-1, 
A1278-2, and A1278-3 and p a s t  Pressure  Gages A1279-1, A1279-2, and A1279-3 
i n t o  t h e  pneumatic c o n t r o l  d i s t r i b u t o r .  

The LOX, RP-1, and LH2 pneumatic c o n t r o l  pane ls  r ece ive  GN2 through a 
s i n g l e  l i n e  connected t o  t h e  manifold.  
Valve A1275-3, through Manual Shut-Off Valve A1268, and p a s t  Pressure  Monitor 
Gage A1261 t o  Pressure Regulator  A1267. 
t o  3500 ps ig ,  GN2 flows p a s t  3750-psig Rel ie f  Valve A1263, Pressure  Monitor 
Gage A821, and Vent Valve A1266; through Manual Shut-Off Valve A1264; and 
p a s t  Pressure  Monitor Gage A1262 t o  the  pneumatic c o n t r o l  panels .  

GN2 a t  6000 p s i g  flows p a s t  Vent 

Reduced by Pressure  Regulator A1267 

When t h e  s torage  banks have been pressur ized  t o  6000 ps ig ,  LN2 Pump 
Af te r  complete shutdown of t h e  pump- A1208 and Vaporizer A1132 a re  shut  down. 

ing u n i t ,  t h e  LN2 supply system and a s soc ia t ed  equipment are evacuated by: 
c l o s i n g  Supply Valves A1161 and A1164, which shu t  of f  LN2 flow t o  t h e  LN2 
s to rage  tank vapor izer  and t o  t h e  pumping u n i t ;  opening By-Pass Valve A1186, 
which ven t s  t h e  s torage tank u l l a g e ;  opening Manual Drain Valve A 1 1 8 3 ,  which 
d r a i n s  t h e  pumping u n i t  LN2 supply l i n e ;  and opening Manual Vent Valves 
A1201-1, A1201-2, A1201-3, and A1201-4 and Blow-By T h r o t t l i n g  Valve A1206, 
which vent  t he  LN2 conve r t e r s .  

The GN2 t r a n s f e r  l i n e s ,  s to rage  banks, and a s soc ia t ed  equipment are no t  
evacuated a f t e r  use, bu t  are vented only as necessary t o  create a low-pressure 
environment f o r  e f f e c t i n g  l i n e  r e p a i r s .  Required ven t ing  of t h e  t r a n s f e r  
l i n e s  and s to rage  banks may be accomplished by opening Manual Vent Valves 
A1237, A1245-1, A1245-2, A1256, A1305, A1275-1, A1275-2, A1275-3, A1258, and 
A1266. 

2. HELIUM STORAGE FACILITY 

The helium f a c i l i t y  equipment c o n s i s t s  of t h r e e  i d e n t i c a l  compressor 
u n i t s  and fou r  i d e n t i c a l  helium s to rage  banks. During normal opera t ions ,  two 
compressors are used whi le  t h e  t h i r d  remains on standby. For t h e  sake of 
b r e v i t y  and t o  avoid confusion,  t h e  func t ioning  of on ly  one compressor u n i t  
and one s to rage  bank w i l l  be descr ibed .  

The func t ions  o f  most of t he  helium f a c i l i t y  equipment r e q u i r e  no expla-  
n a t i o n  o t h e r  than the system schematics and the  p a r t s  l i s t .  
components a r e  more complex and r e q u i r e  a more d e t a i l e d  d e s c r i p t i o n .  
ad jus t ed  p res su re  r egu la to r  reduces the  2200-psig helium p res su re  t o  120 p s i g  

Pressure  r egu la t ing  
A manually 



for  compa t ib i l i t y  with compressor i n l e t  requirements.  The r e g u l a t o r  remains 
open u n t i l  downstream p res su re  r i s e s  t o  120 ps ig  and then r e s t r i c t s  flow t o  
prevent an inc rease  above t h i s  pressure.  

A pneumatically opera ted  back p res su re  r e g u l a t o r  main ta ins  a p re s su re  of 
3500 p s i g  wi th in  t h e  p u r i f i c a t i o n  s e c t i o n  of each helium compressor u n i t .  A 
r e g u l a t o r  main ta ins  a 3500 p s i g  back p res su re  i n  t h e  helium compressor f a c i l i t y  
p u r i f i c a t i o n  u n i t .  

2 . 1  Helium Compressor Operation ( f i g u r e  3)  

The helium s t o r a g e  f a c i l i t y  r ece ives  i t s  supply from 2,200-psig s e r v i c e  
t r a i l e r s  i n  one major ope ra t ion  by a compression and p u r i f i c a t i o n  system. 

S t a r t i n g  of Compressor A1391 by Motor A1050 au tomat i ca l ly  opens Solenoid 
Valve A1369. 

Supply Valves A1362-1, A1362-2, and A1362-3 admit helium from t h e  s e r v i c e  
t ra i lers  through Coupling-Halves A1363-1, A1363-2, and A1363-3, and Check 
Valves A1361-1, A1361-2, and A1361-3. .Gages A1356-1, A1356-2, A1364-1, A1364-2, 
and A1364-3 monitor induct ion  l i n e  pressure .  

Helium passes  through F i l t e r  A1358, which i s  shunted by 50-psig Dif fe ren-  
t i a l  P res su re  Switch A1393 (normal induc t ion  p res su re  i s  2200 p s i g ) ;  pas t  Vent 
Valve A1359; p a s t  Rel ie f  Valve A1357; through Compressor Manual Supply Valves 
A1353-1, A1353-2, and A1352-3; pas t  Vent Valves A1354-1, A1354-2, and A1354-3; 
through Pressure  Regulator A1365; and p a s t  Pressure  Gage A1366. H e l i u m  then  
enters Inlet  Trap A1368 and flows through Solenoid Valve A1369 i n t o  Compressor 
A139 1. 

A s  compressor p re s su re  bu i lds  up, Solenoid Valve A1323 b r i e f l y  a c t u a t e s  
Unloader A1324 t o  exhaust o i l  and mois ture  present  i n  Traps A1053, A1056, 
A1371, and A1376. 

F i r s t ,  second, and t h i r d  s t age  I n t e r c o o l e r s  A1370, A1052, and A1055 and 
Af te rcoo le r  A1373 reduce compression heat t o  w i t h i n  f20°F of ambient tempera- 
t u r e .  

I n t e r c o o l e r  Traps A1053, A1371, and A1056 and Af te rcoo le r  Trap A1376 
c o l l e c t  o i l  and water p re sen t  in  the gas  stream. Re l i e f  Valves A1403, A1405, 
and A1407 provide overpressure  p ro tec t ion  f o r  t h e  f i r s t ,  second, and t h i r d  
s t a g e  t r a p s  by ven t ing  excess helium t o  atmosphere a t  435 ps ig ,  1400 p s i g ,  
and 4300  p s i g ,  r e spec t ive ly .  
a t  11,000 ps ig .  Gages A 1 0 5 4 ,  A1372, A1057, and A1374 monitor f i r s t ,  second, 
t h i r d ,  and f o u r t h  s t a g e  d ischarge  p res su re  on Compressor A1391. 

B u r s t  Disc A1409 relieves the f o u r t h  s t a g e  t r a p  

Crankcase blow-by (or leakage) gas  from Compressor A1391 passes  through 
Check Valve A1325, Precooler  A1049, and Precooler  Trap A1048 and r e t u r n s  t o  
Receiver A1368 f o r  re induct ion .  Drain Valve A1047 removes any o i l  and mois- 
t u r e  p re sen t  i n  Precooler Trap A1048. 
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Helium discharging from the  compressor a t  6000 ps ig  passes through 

A t  t h i s  po in t ,  Gage A1374 monitors d i scharge  p res su re  and 
Af tercooler  Trap A1376 and Check Valve A1399 t o  the  compressor u n i t  p u r i f i c a -  
t i o n  system. 
Pressure  Switch A1377 au tomat ica l ly  shu t s  down Compressor A1391 i f  d i scharge  
l i n e  p re s su re  exceeds 6400 ps ig .  

H e l i u m  e n t e r s  t h e  p u r i f i c a t i o n  u n i t  through Shut-Off Valve A1375, and 
flows through Mechanical Separator  A1378 ( o i l  and water remover), Desiccant 
Holders A1058 and A1402 (water vapor removers), and F i l t e r  A1379. Helium 
flows from t h e  p u r i f i c a t i o n  u n i t  p a s t  Vent Valve A1380, through Shut-Off 
Valve A1381, and i n t o  Back Pressure  Regulator  A1320. When back p res su re  
reaches 3500 p s i g ,  t h e  r egu la to r  slowly opens, e f f e c t i n g  gradual  bui ldup of 
d i scharge  pressure  t o  6000 ps ig ,  monitored by Gage A1319. 

Helium f lows-from t h e  compressor u n i t s  through Shut-Off Valves A1316-1, 
A1316-2, and A1316-3 and Check Valves A1315-1, A1315-2, and A1315-3 i n t o  t h e  
helium supply l i n e  connecting t h e  f i n a l  p u r i f i c a t i o n  u n i t .  The helium supply 
l i n e  ven t s  through Manual Vent Valves A1317-1, A1317-2, and A1317-3. 

H e l i u m  flow cont inues p a s t  overpressure p r o t e c t i o n  Rel ie f  Valves A1326 
and A1327 (p rese t  t o  r e l i e v e  a t  6450 ps ig ) ,  and Manual Vent Valve A1329. 
Gages A1330, A1388-1, and A1388-2 monitor helium p u r i f i c a t i o n  u n i t  i n l e t  
p ressure .  

Af t e r  passing through Check Valve A1351, helium may be routed through 
Shut-Off Valve A1350-1 and a s soc ia t ed  Desiccant  Holders A1349-1, A1349-2, 
A1349-3, and A1349-4, o r  through Shut-Off Valve A1350-2 and a s soc ia t ed  Desic- 
can t  Holders A1349-5, A1349-6, A1349-7, and A1349-8. The des iccant  banks a r e  
a l t e r n a t e l y  i s o l a t e d  and recharged wi th  c lean  c a r t r i d g e s .  Low p res su re  envi -  
ronment f o r  replacement of c a r t r i d g e s  i s  maintained by vent ing  helium through 
Vent Valves A1348-1 and A1348-2 and t h e i r  r e s p e c t i v e  Check Valves A1347-1 and 
A1347 -2 .  

H e l i u m  flows from t h e  p u r i f i c a t i o n  u n i t  through Shut-Off Valve A1346-1 
o r  Shut-Off Valve A1346-2, through 20-micron F i l t e r  A1332, which i s  shunted 
by 50-psig D i f f e r e n t i a l  Pressure Switch A1394, t o  Back Pressure  Regulator  
A1333. 
3500 ps ig  as ind ica ted  by Gage A1331. 
A1334 and Manual Supply Valve A8523 are opened and flow of helium p a s t  Drain 
Valve A793 t o  t h e  s torage  f a c i l i t y  begins.  When downstream p res su re  inc reases  
t o  3500 ps ig ,  Regulator A1333 f u l l y  opens and l i n e  p re s su re  r ises t o  6000 ps ig .  

The back pressure r egu la to r  prevents  flow u n t i l  back p res su re  reaches 
H e l i u m  Replenish Line Shut-Off Valve 

Gage A1335 monitors l i n e  pressure  downstream from Helium Replenish Line 
ShutyOff Valve A1334, and Rel ie f  Valve A1339 v e n t s  excess  helium a t  6400 ps ig .  
Line flow rate  i s  converted t o  scfm based on measurements from Flowmeter 
A1337, Pressure  Transducer A1338, and Temperature Transducer A1336. (Normal 
flow: 
A8523, GN2 supply l i n e  ven t s  through Vent Valves A1342, A1340, and A1385. 

150 scfm per compressor.) From F i l t e r  A1332 t o  Manual Supply Valve 
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2.2.  High Pressure  Gas S torage  Ba t t e ry  Operat ion ( f i g u r e  4 )  

Venting Devices 
Vent Valve 1 Check Valve 

The helium s to rage  b a t t e r y  c o n s i s t s  of e i g h t  200-cu-ft  s to rage  v e s s e l s ,  
The s to rage  b a t t e r y  and va r ious  c o n t r o l  components f o r  t he  s to rage  b a t t e r y .  

s t o r e s  helium and supp l i e s  i t  t o  t h e  pneumatic c o n t r o l  d i s t r i b u t o r  (descr ibed 
i n  Volume V). 

Figure 
Number 

Helium flows through t h e  cross-country l i n e  and i n t o  t h e  high p res su re  
gas  s to rage  b a t t e r y  p a s t  Vent Valve A1307, Pressure  Monitor Gage A1296, 6400- 
p s i g  Rel ie f  Valve A1310, and through Manual Shut-Off Valve A1295. Flow con- 
t i n u e s  through 20-micron F i l t e r  A1309, which i s  shunted by 50-psig Differen- 
t i a l  Pressure  Switch A1294, through Check Valve A1293, and p a s t  Pressure  Moni- 
t o r  Gage A1291 i n t o  t h e  helium s torage  bank supply manifold.  

Compressor Discharge Lines 

The helium s to rage  bank supply manifold se rves  as a common duct  f o r  f i l l -  
ing  o r  r ep len i sh ing  t h e  s torage  banks, as a d ischarge  manifold f o r  t h e  s t o r a g e  
banks, o r  as a d i r e c t  supply manifold f o r  t h e  pneumatic c o n t r o l  d i s t r i b u t o r .  

A1317-1 ~ 1 3 1 8 -  1 3 
A1317 -2  A13 18 -2  
A1317 -3 ~ 1 3 1 8 - 3  
A1329 ~ 1 3 2 8  

Pressure Transducer A1290 and Gages A1288 and A823 monitor manifold 
p re s su re .  Temperature Transducer A1289 monitors  manifold temperature,  and 
Re l i e f  Valves A1285 and A820 provide overpressure  p ro tec t ion .  

During f i l l i n g  and rep len ish ing  opera t ions ,  helium flows from t h e  mani- 
f o l d ,  through Manual Shut-Off Valves A1283-1, A1283-2, A1283-3, and A1283-4, 
i n t o  Storage Vessels A1311-1 and A1311-2. Gages A1281 and A1312 monitor i n -  
l e t  and vent  manifold p re s su re ,  Re l i e f  Valve A1284 and Burst  Disc A1282 
provide overpressure  pro tec t ion .  

When helium s to rage  bank pressure  reaches 6000 ps ig ,  Manual Supply Valves 
A1382-1 and A1382-2 are opened, t r a n s f e r r i n g  helium t o  t h e  pneumatic c o n t r o l  
d i s t r i b u t o r .  
l i n e  pressure .  

Gages A1383-1 and A1383-2 monitor pneumatic c o n t r o l  d i s t r i b u t o r  

When the  h igh  pressure  gas s to rage  b a t t e r y  has been pressur ized  t o  6000 
ps ig ,  Helium Compressor A1391 is shut  o f f .  The helium s to rage  banks, l i n e s ,  
and a s soc ia t ed  equipment are not evacuated a f t e r  use,  bu t  are vented only when 
necessary t o  e f f e c t  r e p a i r s .  Units l i s t e d  below are vented through t h e  
appropr i a t e  vent  va lves  and check valves .  

Un it  Vented 

Supply Line and Manifold A1359 
A1354 - 1 
A1354-2 
A1354-3 

A1360 
A1355-1 
A1355-2 
A1355-3 

3 
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Un i t  Vent e d 

~ ~~ ~ 

Venting Devices 
Vent Valve I Check Valve 

P u r i f i c a t i o n  Unit 

F igure  
Number 

P u r i f i c a t i o n  Unit Discharge Line 

A1313 
A1287 -1 
A1287 -2  

High Pressure  G a s  Storage 
B a t t e r y  I n l e t  Line 

A 1  3 14 4 
A1286-1 
A1286-2 

High Pressure  G a s  Storage 
B a t t e r y  

10 

A 1  34 8 - 1 
A 1  348 - 2 

A1342 
A1340 
A13 84 

A1307 
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A1347 -2 

A1343 
A1341 
A13 84 

A1308 

l 3  
4 

R 
‘I 
I 
8 
1 
I 
I 
t 
I 
s 
I 
1 
I 
I 
I 
8 
I 
I 
8 



c 
d 
(d 
k n 

rl 

m 
a\ 

2 

- 
m m m 
03 : 
rl 

c 
N 
I 

m 
rl 
0 

PI 
LD 

Y 

$ 2  
Sk 
3 P I  - 

w 
w 
0 

I 
U 
7 : 
d 
n 

.rl 

d 
\ 
rl 

rl 
a 

B 
n 
a, 
P 
rl 

g - 
rl 

0 

co s 
: 
rl 

. 
0 
U N  

h 
MO 
.rl rl 

a 5% 
2% 

M 
d 
m a 
0 
0 
rl 
+I 
0 
0 

2 - 

w 
a, 
d 
rl 

2 
a 
a, 
P 
(d 
3 
rl 

rl 

0 
N 

2 - 
11 

a 
(d 
0 
rl 
h 
(d 

E 
.n 
U 
.rl s 
U c 
a, 

k 
U 
m 
c 
H 
II 
c3 

aJ 
M a 
U 
v3 

.n 

R 
m 
II 
W 

a, 

U 
m 
H 
I 

m 
II m 

d c 

.n 

2 

a n  

F c 
.. 
.rl 
U 
(d 
c) 



- 

- 
In m 
In 
03 z 
rl 

c 
N 
I 

F4 
rl 
0 

PI a 
Y 

si 
s z  
3 b  

w w 
0 

I 
U 
3 
;T; 
n . 

c 
.rl 

d 
\ 
rl 

w 

U 
? 

;T; 

d 

3 

n 

.rl 

d 
\ 
rl 

rl 
(d 
7 

9 
al 
P 
rl 
(d 
3 

4-1 .: 1 4-1 

5 ? 

b 
(d d 

.d 

a 
(d E 

m 
00 

-4 wL 
c 
M 

- k  
2 
5 
3 
m 

c 
P 
L f  
a 
< 

I 
8 

8 
1 

12 



I 
I' 
I 
1 
I 
1 
8 
I 
I 
1 
I 
8 
1 
I 
8 
8 
8 
8 
8 

rn 
m m 
03 

d 

N 

m 
I4 
0 

PI 
a 
Y 

s i  
? E  

W 
W 

U 
7 
? 

n 

2 
d 

\ 
rl 

rl 
cd 
7 

" 

4 
cd 
3 

rl 

N 
I 
0 
N 
m 
-4 

m 
rl 
m 
-4 

rn 
m m 
a3 

g 2  rl 

c 
m 
d 
0 

PI a 
Y 

:k 
2 E  

W 
W 
0 
I 
U 
7 

6 g  

.A d 
4. 
d 

d 
cd 
7 

$ e  2 

$ 4  ? 
al 

(d 
3 

rl 

m 
I 
0 
N 
cn 
-4 

rl 
I 
0 
N 
cn 
4 

13 



14 

I- 

0 
w o  
o m  

a3 
ucv 

P 4 4  
$ 8  

w 
w 

U 
7 
s 7 

rl 
(d 
7 

4 
aJ 
3 
rl 

d 

rl 

cv 
I 
a3 
hl 
m 
4 

1 
' I  

0 
0 0  
or l  
0 1  a 0  ;:1 



0 
w o  
O Q  

a0 
Uh l  

Pld 
$ 8  - 

- 

c 
al 

.I 

al 
P 
d 

d 

FJ 
I 
I- 
m cn c 

a0 
0 o c  

O d  
0 1  
Q C  - 

a 
k 

a 
v 
U 

#. 
P 

a 
b 
0 
c 

I- 

@ 
I 

CI 
< 
0 
< 

I- 

I 
.; .: a 
4 

15 



- -  
i s  
4w-l 

1 

P 

r 
4 

C 
r 

- 

cr c 

a 
z 
C 
I- 
< - 

F 

C 
C 

a 
r 

: 
a + 
E 
I- 

a 
t 

P 
t 

t 

C 
C 
C 
C 

C 

6 

r 
G 

I- 

16 



0 
0 
l-l 
0 
l-l s 

K W  

z 
a J P I  

a 0  
0 
6 U  
m k  
ocd 
upl 

. -  
al 
N 
rl 
k 
0 
0 
id 
3 - 
4 

hl 
m 
rl 
rl 
4 - 

6 a 
4J 
rn 
h rn 
m 
.d 

5 
0 
U 

a 
rl 
P 
ld 
0 
.rl 
rl 
a a 
ld 

h 
- 4  

rl 
ld 

.rl 
U 

g 

3 
Icr 

U 

8 
al 
&I 
(d 

\o 
m 
rl 
rl 
4 

7 
0 
k 

- 
% 

5 - 
m 
m 
d 
rl 
4 

al 
rl 

al 
U 
.I4 
d 
P 
P 
al 

3 
rl 
l-l 
al 

.I4 
U 

n 

2 

8 

7 
W 

U 

aJ 
rl 

(d 
0 

n 



Ll 

- 
18 

U 
m 
k 
7 
F9 

hl 
v1 
rl l a  

E 
e 
c 
C 

r 

U 
U 
c 
I- 
< 

.j w h l  w h l  o a  OUY co co 
U N  U N  

1 4 r l  P l r l  
$ 8  $ 8  

P 
k 
0 
V . 
U 

H 
2 

4J 
k 
(d 
Fc t 
I 

-1- 

.j 
N 

'I 



d w h l  o a  
a3 uhl  

br l  
$ 8  

0 
V 
rl 
rl 
al 

PI 

w w 
0 
I 
U 
3 

rl 
(d 

P 
ai 
3 
rl 

2 
d 

U 
U 

U 

r 
7 

rl 

0 
U 

0 
L? 

PI 
k 

v: 
v: 
a; 
Fi 
P 

F 
C 
c 
c 

a 

r- 
c 

6 
a 
p: 

F 

C 
r 

a 
I- 
t- 

- 
19 



Pcl 
0 

W 
3 
E2 

20 

co 
b 
m 
co 

2 
rl 

- 

- 
co 
\o m 
m 

2 
rl 

a: 
P 

3 
F 

- 
7 I- 

h 
a 

a 
r 
r 

I 
' 1  
I 
8 
1 
I 
I 
1 
1 
8 
8 
8 
8 
1 
1 
1 
8 
8 
1 



I 

rl 

m 
QI 
rl 
d 
-4 - 



22 

- 

- 
0 
a3 m 
co 
N 

8 
rl 

m 
W N  o a  co 
U N  

plr l  
28 

0 
0 
co m 
0 
4. 
N 

z 
a,& 
C 
h W  a 0  
0 
f i g  
v)Fc old 
V P I  - 

L 
C 

; 
& 

L 
& 

a 

1! 
E 
C c 



U 
c 

a, 
bl 
$4 
1 
PI 

k a 
U 
$4 
al 
? 

U 
E 

c 
C 
c 
I- 
< - 

- 

ln 
W N  
O Q  co 
U N  

28 u 

0 
0 
03 m 
0 

-2 

E W  

- 8 "  

z 
a , &  

E L I  
m $ 4  
o ( d  
VPI 

a 
2 
!2 
bl 
.rl 
0 

0 
0 
rl 
I 
0 

a 

4 - 
CI 
C 
c 
< 
I- - 

f 
c 
I- 
< - 

- 

- 

ln 
w h l  
O Q  

03 
U N  
$44 
(do 
P I 4  - 

0 
0 
m 
0 
0 
rl 
m 
z 

aPI  c 
h W  
5 0  
0 
6 u  
m $ 4  
o ( d  
VPI 

C 
C 
C 
r 

- 

0 
0 
03 m 
0 s 
z 

a , &  
C 
hW a 0  
0 
E L I  
m F c  
o a  
VPI 

u- 
u- 
C 
I 

L 
.E 

E 
v: 

c 
0 
h c 

I- 
C 

i s 
! 
r 
I 
c c - 
r: 

l- 

C 
C 
C 

- 

. 

23 



35 
r l c n  -1 

24 

n 

k 
aJ a 

x m  
P 

h 
dln a *  a 0  
7 4  cn +I 

N O  z m  
Girl 

1 3 

I 
' I  



I 
I' 
I -  
I 
I 
I 
I 
1 
I 
1 
I 
I 
1 
1 
I 
I 
8 
1 
I 

- 

- 
hl 
Q m 
00 
N 

rl 
d 

- 

N 
UY 
In 
a3 

2 
d 

m 
W N  
OUY 

a3 
U N  
k d  
(do 
p t r l  

m 
W N  
O Q  
00 

U N  
k d  
(do 
P l r l  

0 
0 
0 
0 
I4 
d 
N 

z 
h W  
5 0  
0 
6 U  
m k  
o ( d  
V P l  

sPl  

h 
rl a a 
7 
VI 

k 
.A 

E 
a, 
m 

dc" 

a 

C W  
*rl W 

0 
N I  
\ U  
4 7  c 
r l m  

k 
a, 
5 
(d 

8 
h 
a a 
7 
VI 

N 

rl 

5 
a 
* c  c .rl 

(d 
k 

d n  

5i 
U 
m 
m 
m 
.rl 

h 

5 
0 
U 

a, 
d e 
cp u 
.rl 
d a a 
a 
h 
d 
rl 
a 

.rl 
U 

7 
W 

U 

- 

2 

2 
aJ 
k 
a 
crl 

-hl 
N 

2 
-0 c a 
N 
hl 
hl 
d 

- 

4 - 

rl 
(d 

B 
n 
a, 
3 
I4 
(d 
3 

rl 
(d 

i 
a, 
3 
d 
(d 
3 

rl rl rl - 
rl 
I 
rl 
N 
hl 
rl 
4 

7 
m 
rl 
N 
rl c - 

4 
I 
0 
N 
N 
rl c - 

25 



4 co 
In co 

g 
4 

. 

Q 
0 
m 
In 

2 
rl 

m N  
r l I  
0 0  
k I n  
urn 
G O  o m  vo\ 

a, 

!? 
pr: 
M 
.d 
rn a 
0 
0 
d 
I 
0 

al 
k 
3 
v) 
v) 
al 
k 
PI 

k 
al s 
2 
3 
k 
H - 
d 

al 
P 
d 
cd 
3 

d I- 

hl 
m 
hl 
r-! 
4 - 

m m 
N 
rl c 

r 
cr 
c 
< 
I- 

m C 
m < 
N C 
rl e I- 

< 

26 



- 

- 

0 

co 
N 

s 
8 
d 

co 
0 
m 
IA z 
rl 

b 
m m 
co 
N 

d 
4 

fi w 
0 
VJ 

0 
0 
0 
03 

0 
0 
0 
(u 

F 

L 
a 
a E 
r 
Fr 

rl 4 rl d rl 

N 
I 
ur 

rl 
s 
4 

\o 

rl 
s 
4 

I- s 
d 
Q 

co 

rl 
2 
4 

m 

I4 
3 
4 

27 



p? 

B W 

3 

9 W 

p? 

8 N rl rl 

Erc 
0 m 
N + 
0 
U 

Fr 
0 
0 
rl 

1 

0 

0 

'I 

28 



I 

rl 

a3 
\D 
N 
rl 
4 

7 

0 
I- 
N 
rl c - 

rl 
I- 
N 
rl 
4 - 

29 



I 
'I 
I 
I 
I 
1 
I 
I 
1 
1 
I 
3 
I 
I 
I 
I 
I 
1 
I 

I 

\o 
0 
rl m z 
rl 

N 
I 
0 

v ) I n  r l m  
0 0  
krn urn 

V a l  a a 0  

c -  
O .  
k a  
4 k ( d o  
Erv 

g r l  

aJ 
bo 

& 

M 
.4 
rn a 
0 
0 
0 
h 

t 
0 

2 
n 

Er 
0 
0 
VI 
N 

0 u 
Er 
0 
0 

0 

0 

P 

7 
3 u 
(d 
k aJ a 
6 
I3 
c 

k 
Q) 
O 
7 a 
v) 
E 
(d 
k 
H 

u 
2 
3 . 
E 
.rl 

N 
\ 
rl 

U 

E! 
3 

c 
n . 

.rl 

N 
\ 
rl 

U 

3 

d 
.rl 

N 
\ 
4 

rl 
ld 

9 
aJ 
3 
rl 

L? 

rl 
(d 

9 
a, 
3 
rl 

d 

rl 

- 
m 
h 
hl 
rl 
-4 

rl 

- 
2 
N 
rl 
-4 

rl 

rl 
I 
In 
I- 
r\l 
rl 
4 

rl 

C'J 
I m 
I- 
N 
rl 
4 - 



I 
I' 

a 
k 
7 
m 
m a 
k PI 

a 
bl 
(d 
c3 

4 

rl 
a3 
N 
rl 
4 

4. 

N 
03 
N 
rl 
4 

rl 
I 

m 
a3 
N 
4 
4 

l-4 

w 
I m 

00 
w 
4 
4 

31 



2 
a, 

.) 

a, 
3 
rl 
cd 
3 

rl 

7 
I 

\o 
00 
N 
rl c - 

a, 

l 
bL 
.d 
m 
P 

0 
0 
0 
h 
I 
0 

I 
' I  

32 



C 
C 
(r 

a 
7 

r 
C 
c 
r 
< 

33 



c3 
N 

t 
m 

u 
g 
3 

. .I4 

.2 g 

rl 

0 
U 

a 
? 
rl 
td 
3': 

$ rl rl 

u 
g 

d 

3 

.rl 

N 
\ 
rl 

m 

k 
c) 
.rl 

0 
N 



03 m 
u) 
m 

2 
rl - 

m m 
ul 
co 
N 

8 
rl - 

. 
0 u 

. 
0 
U 

. 
0 u 

c3 
N 
I 

a, 
3 
4 a 

bo 
4 
v) a 
ul 

a, 
k 
7 
v) 
v ) .  z .a 

2 :  
E 2  

PI co 
M\ e m  
.I4 

a x  

8 
8 
1 

u 

U N  
2: 

-t 
hl 
I 
lr 
d 
m 
d 
4 - 

rl 
m 
rl 
-4 

rl d 

35 



I 

m w h l  
O Q  

Qo 
Uhl 

P I 4  
28 

rl 

d 

$ 2  

0 
k 0  
.rl rl 
cdm 
a m  

UPI 

M 
.rl 
m a 

M 
40 
m o  a 0  

Q 
0 o u  
mcd 
m c U a  
cda 
0 

m 

c d d  
k 7  
U k  

$ 2  

a 
k 
1 

n m  
k m  o a  
U k  
aPI 
rl 
7 3  
ML) 

2: 

m 

0 cv 
m 
rl 
4 

36 

d 
hl 
m 
rl 
4 

c" ri 



37 



m m m 
a3 : 
rl rl 

d 
rl 

m M  I n M  

i &  i I . ; I \ a  I 

rl 

ul $1 rl 2; rl 

4 4 

38 



q- wcn + 

T 

I 

+ 
rl 

m m m 
a) 
hi 

8 
rl 

rl 

rl 
m 
m 
rl 
4 

I- 

39 



C 
0 

.PI 
U 
0 

a C 
H 

Y 
7 N  

Q) 

I 
co 
N 

a 
3 
rl 

lx 

B W 
3 xo 

Uro 
-rl co 
k m  
3 m  
0 ,“E 

k 
0 
rn 
m 
aJ 
k a 

u 

. r l c  
d a J  

C 
“ 0  
4 c u  
0 
3 

4-a \ c  
d H  

8!+ 

1 Y 
N 

Y 
N 

aJ 
k 
3 
m 
m -  

pc 
E .a 

a, 
k 
7 
m 
V ) .  

4- 
M\ 
C d  

4- 
M\ c r l  
.;i 

aJ 
k 
3 
rn 
rn 

k 
PI 

I 
“ I  

aJ Q) 
3 

d 

I2 

rl d d 

;;1 
I 
N 

I 

40 



m 
I 
rl 
\o m 
rl 
4 

d 

d 
I m c cr: 
a 
r 

rl 

N 
I 

m 
\o 
m 
rl 
4 

I- - 
Q 
I 

3 
Q 

4 
I- - 
41 



m 
W N  

m 
W N  o a  

a3 
U N  

PIr l  
$ 8  

0 
0 

M 
.I4 
m 

0 
N 
rl 
I 
0 
0 
N 
N 

n 

E 

- 
r 

- 
\ 
I 
c 
I 

(r 

- 
U 
\r 
(c 

4 
c 

c 



m 
m m 
m 
N 

;5 
rl 

d 
(d 

$ 
2 
rl 
.rl 
0 

a 
5 
k 
a, 
U 

3 
rl 
P 
0 
3 m 

d 
.r4 

N 

3 
rl 
P 
P 
3 m 

d 
.rl 

N 

a, 
k 
3 
m 
v) 
a, 
k 
PI * 
U 
rl 

i: 

a, 
k 
3 
m 
m 
a, 
k 
PI 

a, 
bl 
rd 
0 

4 - 
N 
I 

m 
a2 
m 
rl 
4 - 

rl 
(d 
3 

8 
al 
P 
d 

d - 
m - 
rl 
m 
m 
rl 
4 

7 

k 
a, 
U 
rl 
.rl cr 

m m m - 
m 
h 
m 
d 
4 

8 
1 

b 
I- 

I? 
4 - 

a2 
l- 
m 
rl 
4 - 

43 



+ m m m 
00 

d 
F4 

T 
Fc 
.rl 
(d a 
&I 
(d u 

a 

PI 
fn 
P 

0 0 rn 
U U a 
c 

2 .d 

.rl 
U 
(d 
7 
U U 

2 9 

bE 
rc 
fn 
n 

d 
.rl 

N 
\ 
d 

d 
4 

hl 

l- 

i I -+ 
44 



M 
.rl 
v) 

0 
0 

n 

5 

w 
aJ 
d 
rl 

2 
a 
3 
rl 

m 

ul 
0 

4 
5 

45 



- -  

:is 
J r n  

46 

T 
0 
rl 
VI 
00 z 
rl 

0 
N 

~ 

7 

c\ 
V 

4 
a 

- 

1 

hl 
c\ 
V 

U 
a 

- 

rl 1 
8 
I 



1 

'h" 

I 

i 

N L- 

N -  

Y 

C 
I 

h 

I 
a 
- 

N z 
2 
a 

1 

I- * 



I 
I 

j 
I 

I I  I I 



i 

Ii 

I 
I I 

I 
L 

b a a  

m 

. 

U 

G 
0 
m 
N 

i 
L 
c 

N e I- 



DISTRIBUTION 

CCSD-HO ( D e p t .  46001, B A L F O m ,  C.L. (10) 
CCSD-NO ( D e p t .  2 7 1 4 )  , BEAMER, W. (14)  
CCSD-NO ( D e p t .  2240) , SIMMONS, F.  ( 2 )  
DAC ( D e p t .  A 2 - 8 5 7 ) ,  BELWOOD, H. 
DAC , KEAT ING , 3 .  
DAC, HOLLISTER, R. (Dept.  A 3 - 7 7 0 )  

I - I / I B - S I V ,  FERGUSON, W. 

I - I / I B - S I V L / D A C ,  STOOPS , G. 

I - I / I B - S I ,  CHAMBERS , J. 
I - I / I B - S I V H ,  LEAGUE, R. 

I-I/IB-SIVL-NASA/DAC-SACTO, TYSON, 0. 
I-I/IB-SIVL-NASA/DAC-SANTA MONICA, WEAVER , E .  
I-MICH-OA, STEVENSON , H. 
I-MICH-OA, QUINTON, Ha 
KN-BS27 , WHISENANT , Re 
KN-DAY P O P P E L ,  T .  
KN-DE:!, HA", R .  
KN-DE2, G R I F F I N ,  F.  
KN-DE2, DZIADON, E.  (2) 
KN-DE2, R E I D ,  R. 
KN-DE2, MOORE, R. 
KN-DE2, STAHLEY, S .  
KN-DE2, CHAPPLE, E .  
KN-DE4 , DOWNS , J. 
KN-DE5, G R I F F I N ,  F .  
KN-DF2,  CAREY, T .  
KN-DL2, BUCHANAN, D. 
KN-DP2, MIMS, W. 
KN-DP2, MINTON, C .  
KN-DP2, SPARKMAN, 0. 
KN-DPZ, WASILESKI ,  C. 
KN-DP4, NELSON, R. 
KN-DP5, WRIGHT, R .  
KN-DR2, H O O U R ,  J. (5) 
KN-DS232,  BUNCH, M. 
KN-ET, BRIDEWELL, C.  
KN-FE, DODD, R.  (2) 
KN-AG, RUSSELL, L. (2) 
IQJ-GT44, HAWKINS, G. 
KN-L, GORMAN, R .  
KN-LP2,  SWEAT, C .  
KN-My P I C B T T ,  A. 
KN-P, PETRONE, R .  
KN-PA, MATTHEW, E .  
KN-PC, BODY, R .  ( 2 )  
KN-V, O'HARA, A. 

KN-VG, R I G E L L ,  I. ( 2 )  
KN-VG2 , GREENFIELD , T. 
KN-VG22, DOWLING, C .  ( 4 )  
KN-VG23, ROUSE, C .  (4) 
KN-VL, GREENE, De (5)  

KN-VM, P I C K E T T ,  A. 
KN-VM2, ROBINSON, G .  
KN-VM2, RAINWATER, W. 
KN-VM3, PANTOLIANO, T. (3) 

KN-VL, WHISENANT, E .  ( 2 )  

KN-VM22, DeLaROSA, H. 
KN-VM22, FANNIN, L .  (8) 
KN-VM23, SCOVILLE,  D. 
KN-VM24, H I L L ,  L. 
LVO-DIR , WILLIAMS , M. 
LVO-AD, Z E I L E R ,  A. 
LVO-L, BELLAMY, E .  (5)  
R-ASTR-E , FICHTNER , H. 
R-ASTR-EA, SMITH, R .  (5) 
R-ASTR-EAA, PASCHAL, L. 
R-ASTR-ES, ADEN, R. ( 3 )  
R-ASTR-ESI ,  MILNER, R. 
R-ASTR-I ,  HOBERG, 0. 
R-ASTR- IM , POWELL , J. 
R-ASTR-TR , WAGNON , W. 
R-ME-A, NOWAK, M. 
R-P&VE-AV , NEIGHBORS , W. 
R-P&VE/DAC, MEZO, c. 
R-P&VE-PA, REED, K. 
R-P&VE-PEM, HOLMES, J. (2)  
R-P&VE-PM, FUHRMA" , H. (2) 
R-P&VE-PP, HEUSINGER, B. 
R-P&VE-PT, WOOD, C. 
R-P&VE-V , PALAORO , H. 
R-P&VE-VA, HOFFMAN, C. 
R-P&VE-VAS , MOON, 0. 
R-P&VE-VF, ROTHE, K. 
R-P&VE-VI, FAULKNER, W. (2)  
R-P&VE-VK, BOONE, C. 
R-P&VE-VM, BECK, M. 
R-P&VE-VNW , DEVENISH, R.  (5) 
R-P&VE-VO , KISTLER , W. 
R-P&VE-VS , SCHULZE , W. 
R-P&VE-VSA, PRASTHOFER , W. 
R-P&VE-VSI, HURT, W. (2 )  
R-P&VE-VSI , KRAUS , G. 

(20) 

(2) 

53 



R-P&VE-VSP , AKINS , J. 
R-QUAL-A, URBANSKI, A. (2) 
R-QUAL-AAA, CALDWELL , W 
R-QUAL-J, QUINN, C. 
R-QUAL-P , BROOKS , C. 

DISTRIBUTION (C.ont'd. ) 

54 

R-QUAL-PI , CONAWAY , J. 
R-TEST-CF, FORBIS , M. 
R-TEST-I , SIEBER, W. 
R-TEST-S, DRISCOLL, D. 

8 
1 
8 
8 
8 
I 



I' 

Please forward any suggested changes, additions, and corrections 
to the Applied Engineering Communications Section ( 4 6 1 2 ) ,  Chrysler 
Corporation, Space Division, Huntsville, Alabama. 

COPY NO. 

T H I S  BOOK CONTAINS , PAGES.  0 ONE S I D E  ONLY.  OBACK TO BACK 

PAGES HAVE BEEN LEFT INTENTIONALLY BLANK. 

PLETE . 


